Endophytic fungi are the microorganisms that spend all or part of their life cycles within plant tissue without causing harmful effects on the plant. In this study, 14 endophytic fungus from Quercus phillyraeoides A. Gray were isolated. Alternaria sp. QPS 05, an endophytic fungi which was isolated from the stem of Q. phillyraeoides A. Gray showed the highest α-glucosidase inhibitory activity. Further separation of ethyl acetate extract from the fungus led to the isolation of active substance from hexane-soluble fraction which give fatty acids mixture consist of palmitic acid, oleic acid, linoleic acid and linolenic acid (1) strong inhibitory activity against α-glucosidase. Isolated fatty acids (1) had inhibitory concentration (IC50) values against Saccharomyces cerevisiae was 12.10 µg/mL. The results of the present study showed that endophytic fungus from Alternaria sp. QPS 05 potentially contained a rich source of natural antidiabetic medicine.
INTRODUCTION
Diabetes mellitus (DM) is a severe disease due to its related complications. There are two types of DM: type 1 and type 2. Type 1 DM is caused by the destruction of pancreatic beta cells, while type 2 DM is resulted from defects in insulin secretion [1] . DM is characterized by high blood glucose levels, which lead to bad effects on health such as retinopathy, nephropathy, diabetic foot ulcers and hypertension, and neuropathy [2] . Approximately, 80% of DM cases is type 2 DM [3] . By 2030, it was estimated that the number of DM patients will rise to 366 million [4] .
Development of drugs and pharmaceuticals without any side effects is needed since current DM treatments are based on the use of synthetic drugs, which have several serious adverse effects [5] . Approximately 1200 plants in the world had been identified having antidiabetic potential [6] . The application of medicine or drugs from natural compound isolated from nature is suggested due to its fewer side effects than those of synthetic medicines [7, 8] . Therefore, the research on the field of isolation of natural compounds for antidiabetic treatments has been increasing in the recent years [9, 10] .
Endophytic fungi are the microorganisms that spend all or part of their life cycles within plant tissue without causing harmful effects on the plant [11] . Endophytic fungi usually obtain nutrition from their host plant and produce certain bioactive metabolites [12] . Recent research presented that endophytic fungi have capability to produce many new compounds that could be use as pharmaceuticals or source of bioactive compounds, such as antioxidant [13] , antibacterial [14] , antifungal [15] , antiviral [16] , and antidiabetic [17] . Q. phillyraeoides of the family Fagaceae is an evergreen tree that is distributed in the acid bed rocks and limestone mountains of East Asia (Japan, Korea, and China). The leaves of Quercus species have been used in Korean folk medicine for dysentery, hemorrhage, diarrhea, and dermatitis [18] . In our previous study, we found that several active constituents were isolated from Q. phillyraeoides [19] , therefore in this study we conducted isolation of endophytic fungi from Q. phillyraeoides and evaluate its α-glucosidase inhibitory activity. 
EXPERIMENTAL SECTION

Chemicals
Enzyme α-glucosidase from S. cerevisiae, pnitrophenyl-d-glucopyranoside (p-NPG) and bis(trimethylsilyl) acetamide (BSA) were purchased from Wako Pure Chemicals, Ltd. (Osaka, Japan). Quercetin, palmitic acid, stearic acid, oleic acid, linoleic acid, and linolenic acid were purchased from Sigma-Aldrich Co., Ltd. (Tokyo, Japan). The solvents used in this research were obtained from Wako Pure Chemicals, Ltd.
Isolation and culture of the endophytic fungi
The leaves and stems of Quercus phillyraeoides A. Gray were collected from Ehime University Garden, Ehime Prefecture, Japan. Samples were cleaned in tap water and sterilized by consecutive washes in 75% EtOH (1 min), 1% NaOCl (2 min), 75% EtOH (30 s) and rinsed with sterile distilled H2O. The surface sterilized material was cut into 0.4x0.4 cm pieces and the tissues were deposited on a petri dish containing potato dextrose agar (PDA) medium and incubated at 25 o C. The hyphal of fungi was transferred to fresh PDA medium and purified for three times.
Fermentation and extraction
Fourteen endophytic fungi were inoculated into the Erlenmeyer flasks (500 mL) at 25 o C for 3 weeks. Each flask containing 200 mL potato dextrose broth (PDB). Mycelium and filtrate (filtered medium) were separated and extracted with equal volume of ethyl acetate at room temperature. The extract of each endophytic fungus was condensed in a rotating evaporator under reduced pressure and evaluated the α-glucosidase inhibitory activity.
α -Glucosidase inhibitory assay
Samples were dissolved in dimethyl sulfoxide at various concentrations (10 µL) and treated with p-NPG (250 µL, 3 mM) and phosphate buffer solution (490 µL, 100 mM, pH 7). The solution was pre-incubated at 37 o C for 5 min. Then, 250 µL of α-glucosidase enzyme (0.065 U/mL) was added and the reaction continued for 15 min. The reaction was stopped by adding 1 mL of 0.2 M Na2CO3. The mixtures were measured at 400 nm using a UVVis spectrophotometer [20] . The inhibitory concentration (IC50) was evaluated using analysis of regression from a graph by plotting α-glucosidase inhibitory activity against concentration.
Molecular identification of fungus
Endophytic fungus with the most active extract on α-glucosidase inhibitory activity was further determined using molecular identification. Fungal strains were maintained on PDA and incubated for 7 days. DNA was extracted from these fungi based on the Doyle and Doyle [21] method with a slight modification. The extracted DNA was used as a template for PCR to amplify the ITS1-F and ITS4-B regions. Products were then sequenced using two PCR primers and an automated ABI Prism DNA sequence. The result of sequencing was compared with the National Centre for Biotechnology Information (NCBI) GenBank database. 
Isolation of active substance and GC-MS analysis of fatty acid mixture
The ethyl acetate extract (4.56 g) was partitioned using hexane to obtain hexane soluble. Active substance 1 (fatty acids mixture) was obtained from the n-hexane soluble using alkali solution. The methylation of fatty acids was conducted using methanol which was acidified with sulphuric acid at 64•C for 30 min to form Fatty Acid Methyl Ester (FAME). Chemical analysis was conducted using gas chromatography coupled with mass spectrometry (GC-MS QP-2010) equipped with a SPB-50 column (30 m×0.25 mm ID, 0.25 m film thickness). The analysis was performed according to Yamamoto et al., 2008 [22] , column temperature, 235•C, carrier gas helium linear gas velocity, 30 cm/sec; split ratio, 1/30, ion source temperature, 200•C and interface temperature, 280•C. The identification of chemicals was performed in comparison with database (NIST08 library) and confirmed using authentic standard samples.
RESULT AND DISCUSSION
Screening of α-glucosidase inhibitory activity
Type 2 of DM patient need α-glucosidase inhibitors for an agent to delay glucose absorption, and since several unwanted effects were found from the synthetic antidiabetic drugs, a safe α-glucosidase inhibitors from nature were sought. The evaluation of α-glucosidase inhibitory activity of ethyl acetate extracts of 14 fungi from the leaves and stem of Q. phillyraeoides was shown in Table 1 and  Table 2 , respectively. The IC50 of the endophytic fungi extracts from the leave (QPL) ranged from 73 to >500 ppm from the mycelium and from 174 to >500 ppm from the filtrate. Meanwhile, the IC50 of the endophytic fungi extracts from the stem (QPS) ranged from 12.7 to >500 ppm from the mycelium and from 24 to >500 ppm from the filtrate. Among the fungi extracts, the highest α-glucosidase inhibitory activity was the mycelium of QPS 05 fungus. The mycelium of QPS 05 fungus was further separated to obtain the most active substance on α-glucosidase inhibitory activity.
Identification of endophytic fungi
The endophytic fungus of QPS 05 isolated from the stem of Q. phillyraeoides is shown in Fig. 2 . According to a molecular gene analysis, strain endophytic fungus QPS 05 was similar (99-100%) to Alternaria sp. (GenBank accession number: KU870896). A phylogenetic tree of Alternaria sp. QPS 05 is shown in Fig.  3 . Identification was conducted in Forest Genetic Laboratory, Ehime University using ABI PRISM TM 310 Genetic Analyzer (Applied Biosystem). Alternaria is an ascomycete fungi and has a wide biological diversity. Several Alternaria sp. were isolated as endophytic fungi from several plants such as endophytic fungus Alternaria sp. G7 from B. papyrifera which had many bioactive substances, such as (altertoxin IV, 3,4′,5′-trihydroxy-5-methoxy-6H-benzo[c] chromen-6-one, alternariol 4′-O-ethyl ether, altersolanol A, altertoxin I, ergosta-4, 6, 8, ergone, alternariol 5-O-methyl ether, alternariol, alternuene, altersolanol) and also had cytotoxic activity against three human cancer cell lines [23] . Endophytic fungus Alternaria sp. from the roots of S. miltiorrhiza Bunge which was isolated also had antibacterial activity [24] .
Isolation of α-glucosidase inhibitory active substances
Between the mycelium and the culture broth extracts, the mycelium of QPS 05 fungus (IC50 = 12.70 g/mL) has the highest α-glucosidase inhibitory activity. Therefore, it was further separated to obtain the most active substance on α-glucosidase inhibitory activity. Active substance 1 (fatty acids mixture) was obtained from the n-hexane soluble using alkali solution. Figure 4 shows gas chromatogram profile of the isolated fatty acids: (1) palmitic acid methyl ester, (2) stearic acid methyl ester, (3) oleic acid methyl ester, (4) linoleic acid methyl ester, (5) linolenic acid methyl ester while Fig. 5 shows the MS spectra of the fatty acid derivatives. Substance 1 (fatty acid mixture) had one saturated fatty acids, palmitic acid (C16:0) and three unsaturated fatty acids, namely oleic acid (C18:1), linoleic acid (C18:2) and linolenic acid (C18:3). α-Glucosidase inhibitor assay were performed as anti-diabetic properties capability in the terms of the ability of the constituents to inhibit an intestinal carbohydrate-digesting enzyme (α-glucosidase). The α-glucosidase inhibitors postpone intestinal carbohydrate absorption by blocking the activity of glucosidase enzyme, and consequently reduce the concentration of postprandial blood glucose and slow down the rise in blood sugar level; therefore, they have an important role for noninsulin-dependent DM. Voglibose, acarbose, and miglitol, are several examples of α-glucosidase inhibitors currently being used in the primary treatment of type 2 DM [25] . However, since the presently available α-glucosidase inhibitors have several side effects, a safe α-glucosidase inhibitors from nature have been sought for the anti-diabetic medicines Table 3 shows that substance 1 of hexane fraction from ethyl acetate extract of Alternaria sp. QPS 05 has the α-glucosidase inhibitory activity in the amount of 12.10±0.4 ppm. This result confirms that Alternaria sp. QPS 05 are indeed a potential inhibitor againts α-glucosidase activity. Several fatty acids were also reported to have α-glucosidase inhibitory activity, such as fatty acids from sea cucumber [26] , from endophytic fungus Colletotrichum sp. [27] , and from wheat germ [28] . It is proposed that the presence of a double bond was significant factor of inhibition α-glucosidase acitivity [29] .
CONCLUSION
Endophytic fungi Alternaria sp. QPS 05 was isolated from the stem of Quercus phillyraeoides A. Gray and showed high activity of α-glucosidase inhibitory activity. One active substance: fatty acids mixture (1) 
